The aim of our study was to compare dilation forceps tracheostomy and sequential dilator tracheostomy in anaesthetized live adult sheep with respect to the characteristics of the stoma formed and the associated injury. We performed percutaneous tracheostomy on adult sheep randomly allocated to receive either dilation forceps or sequential dilators. Sheep were sacrificed immediately after insertion of the percutaneous tracheostomy and the tracheas dissected. Specimens were examined for site, shape and size of stoma, mucosal lacerations, and posterior wall trauma. Ten sheep had dilation forceps tracheostomy and ten had sequential dilator tracheostomy. All of the specimens were found to have cephalo-caudal mucosal tears, usually crossing tracheal rings. The dilation forceps technique was found to have a larger stoma (28.8 mm vs 24.0 mm, P=0.023). The incidence of posterior needle trauma and mucosal lacerations were common (35% and 50% respectively), but they were not statistically different between the two groups. The role of the mucosal tears in the development of tracheal stenosis is reviewed in the discussion.
Surgical tracheostomy is one of the most ancient operations and was described 2200 years ago 1 . Shelden and colleagues first described the less invasive technique of percutaneous tracheostomy in 1955 2 . Since then, percutaneous tracheostomy has become one of the most commonly performed operations within intensive care units. It is usually performed electively on anaesthetized patients under controlled conditions. Two techniques for performing percutaneous tracheostomy are now established. These are the sequential dilator tracheostomy (SDT) 3 and the dilation forceps tracheostomy (DFT) 4 . So far, no examination by a pathologist of the trachea following a freshly performed percutaneous tracheostomy has been described in the literature.
The aim of our study was to compare DFT and SDT techniques with respect to the characteristics of the stoma formed and any associated injury in anaesthetized adult sheep.
MATERIALS AND METHODS
The study was approved by The Australian National University Animal Experimentation Ethics Committee. The study design was a randomized, controlled, blinded, comparative study in live anaesthetized sheep. Merino ewes were randomly allocated to receive either DFT or SDT by drawing a number out of a hat. Anaesthetic induction and euthanasia were both achieved by the injection of barbiturate into the internal jugular vein via a 19 gauge needle. Injection was followed by direct pressure to reduce haematoma formation.
The sheep were anaesthetized and intubated with a 9.0 mm internal diameter red rubber endotracheal tube using a laryngoscope and stylet. The sheep were placed on the operating room table in the supine position and the neck wool was sheared to expose the operative site. Just prior to percutaneous tracheostomy, the endotracheal tube was withdrawn to ensure that the tip of the tube was positioned cephalad to the site of tracheostomy. We aimed to perform the tracheostomy 75 to 100 mm caudal to the vocal cords. We used the Ciaglia Percutaneous Tracheostomy Introducer Set for SDT (Cook Critical Care, Brisbane, Australia) and the Percutaneous Dilatational Tracheostomy Set for DFT (Portex, Sydney, Australia). A 9.0 mm internal diameter tracheostomy tube (Portex) was inserted. Endoscopic surveillance was not used during this study.
Variation from normal clinical practice included the dipping of the cannula into methylene blue just prior to insertion in order to increase the rate of detection of posterior wall needle injury. The study was not performed under aseptic conditions and the sequential dilators were washed and re-used on multiple occasions.
An operator experienced in ovine airway management, who had no prior experience with percutaneous tracheostomy, performed the procedures under the supervision of an anaesthetist. The training received by the operator involved reading a description of the two techniques in the literature 5 and then seeing both techniques performed once by the supervisor. The operator was then under close supervision during all further procedures. The supervisor was instructed to behave exactly as he would if taking a new trainee through the procedure on an elective patient on the intensive care unit. The operator therefore received real-time feedback and at the end of each procedure received formal feedback with the supervisor commenting on each individual step.
Sheep were sacrificed immediately after insertion of the percutaneous tracheostomy and the tracheas dissected out.
A control group had a sham procedure and their tracheas examined by the pathologist to determine whether anaesthesia, intubation, euthanasia or dissection produced any trauma.
The following outcome measures were recorded. The sheep's ages were assessed by examining dentition.
Coded fresh specimens were examined by a pathologist and then re-examined once fixed in formalin. The pathologist was blinded to the percutaneous tracheostomy technique used. The pathologist first confirmed that the tracheostomy tube was in the trachea. The tracheas were then opened along the membranous portion in a cephalo-caudal direction. The pathologist's further assessment of the specimens included tracheal circumference (measured at 120 mm caudal to the vocal cords), the distance from the cords to the stoma, and the size and shape (at rest and under cranio-caudal tension) of the cartilaginous anterior stoma. The shape of the cartilaginous anterior stoma at rest was classified as normal (i.e. slit-like appearance) or abnormal. The cartilaginous anterior stoma was examined under cephalo-caudal tension specifically for the presence of fractured tracheal rings. The size of the anterior mucosal tear was measured and the shape of the tear was classified as "ellipse", "teardrop" or "other".
The posterior wall was examined for evidence of needle trauma or mucosal laceration which, if found, were measured and described. Finally, any other pathology was noted.
Comparison of group characteristics was performed by ANOVA, Mann-Whitney or the Chi-Square test. A P value of 0.05 or less was considered significant.
RESULTS
Ten sheep had DFT and ten had SDT. Nineteen out of 20 of the sheep had full-mouthed dentition indicating adult sheep, three to six years old. One of the sheep's dentition in the SDT group was broken mouthed indicating a greater age 6 . The two groups were matched for tracheal circumference (64.9 mm vs 65.4 mm, P=0.831). No trauma due to the anaesthetic, euthanasia or tracheal dissection was detected in the control group of eight sheep. Table 1 shows the pathologist's findings. There was no difference between the two groups in the distance down the trachea at which the tracheostomy was performed. DFT was found to have a significantly larger cartilaginous anterior stoma (28.8 mm vs 24.0 mm, P=0.023).
It can be seen in Table 1 that DFT had a higher incidence of abnormal stoma shapes (7/10 vs 3/10, P=0.089) and DFT had larger anterior mucosal tears (32.1 mm vs 26.7 mm, P=0.143), though neither of these factors reached statistical significance. The mucosal tear types were the same between the two groups. It was observed that in all cases, the mucosal tear extended in a cephalo-caudal direction, often crossing one or more tracheal rings (Figure 1 ). This was in contrast to the cartilaginous stoma, which almost always ran between tracheal rings in a lateral direction. There was one case of a fractured tracheal ring in each group. Finally Table 1 shows that while posterior wall needle trauma and mucosal lacerations were common (35% and 50% respectively), they were not statistically different between the two groups.
Of the 11 posterior wall lacerations, one was 38 mm long and another was 11 mm long. All the rest were less than 6 mm long. All the lacerations were classified as superficial with none producing cartilaginous or full thickness tracheal wounds. Further analysis to look for evidence of a learning curve effect through the study series did not produce statistically significant results.
DISCUSSION
Percutaneous tracheostomy is widely used in intensive care units around the world, with most hospitals preferring to use either DFT or SDT. The two techniques differ in how the anterior tracheal wall is dilated. With DFT, the tip of a pair of modified Howard-Kelly forceps is inserted into the tracheal lumen. The forceps are then opened, dilating the anterior tracheal wall. With SDT, the wall is dilated by passing seven sequentially larger lubricated dilators over the guidewire.
The discovery that DFT produced a larger stoma than SDT was not surprising. SDT will only rarely produce a stoma that is much larger than half the circumference of the larger dilator, whereas DFT relies on the skill and experience of the operator to determine the stoma size.
The presence of larger mucosal tears and more abnormally shaped stomas with DFT showed a trend but did not reach statistical significance. This may be demonstrated with a larger study. This was probably due to the more rapid and forceful nature of the technique of dilation in DFT. The mucosal tears extended for some distance in a cephalo-caudal direction, often crossing several tracheal rings (Figure 1) . The authors believe that acute mucosal injury could be important in the development of sub-glottic and tracheal stenosis. It has been reported that tracheal stenosis is generally seen at the anterior stoma site and is caused by fibrosis of the trachea and granulation tissue next to the stoma 7 . Percutaneous tracheostomies involving the cricoid cartilage have been implicated in the development of sub-glottic stenosis 8 . Mucosal tears which extend up to or over the cricoid are likely to be important in the pathophysiology of subglottic stenosis.
The authors are unaware of any research work on acute mucosal injury caused by surgical tracheostomy. In surgical tracheostomy, the mucosa is subject to sharp rather than blunt trauma and so the expectation would be that less mucosal damage would occur. Generalized devitalization of tissues may occur with incision in surgical tracheostomy. If mucosal trauma over the cricoid is important in the pathophysiology of sub-glottic stenosis, one could predict a higher incidence in percutaneous compared to surgical tracheostomy. A large, prospective comparative study of the incidence of subglottic stenosis between percutaneous and surgical tracheostomy remains to be performed. The most recent metaanalysis on the subject suggested that there was a lower rate of late tracheal stenosis in the surgical tracheostomy group 9 .
The high incidence of both needle injury and posterior wall laceration in our study was alarming. This probably reflects careful examination of the specimens rather than poor technique by the operator. All posterior wall injuries were superficial mucosal, with no cartilaginous injuries or full thickness wounds. The rate of posterior wall injury in clinical series is given as 2-4% 10, 11 , but our study suggests it may be much higher if it could be assessed in the way described in this paper.
Limitations of our study included having only small numbers of sheep and only one operator. A power study was not performed as the absence of other work in this field made it difficult to predict the size of expected difference between groups. A larger study with more sheep and a greater number of operators may give a clearer picture. Having a single operator did however remove the variable of different operators. The inexperience of the operator at the beginning of the study may have produced a high rate of trauma early on as the operator moved up the learning curve. This was, however undetectable by statistical analysis, and even if it was present would pragmatically demonstrate the situation on most intensive care units in which training occurs. It was felt that the live anaesthetized sheep was a good model because the trachea is approximately the same diameter as an adult man and the sheep trachea has C-shaped rings and a trachealis muscle. However, the sheep is a grazing quadruped with a relatively long neck. Therefore the crico-sternal distance is much longer (150 mm total length) than in humans, allowing a greater choice of level and great ease of access to the neck.
In our clinical practice, we perform percutaneous tracheostomy under endoscopic surveillance. This proved to be impractical in the animal laboratory and so was omitted from the study. The endoscope is used to ensure that the guidewire is inserted into the tracheal lumen and hence avoids paratracheal placement 11 . The imperative to detect paratracheal placement was reduced in our study as euthanasia occurred at the end of the procedure. All twenty cases had the tracheostomy tube correctly sited in the tracheal lumen. Some papers advocate the use of the endoscope to eliminate all the major complications of percutaneous tracheostomy 11 . Surveillance is unlikely to prevent trauma, merely serving to detect injury up when it occurs.
In conclusion, our study would indicate that in the live anaesthetized sheep, DFT produces a larger anterior stoma than SDT. DFT was showing a trend towards larger anterior mucosal tears and a higher incidence of abnormal stoma shapes than SDT. We found the incidence of posterior wall trauma was high but not statistically different between the two groups. We have noted the mucosal injury caused by percutaneous tracheostomy and postulated on its role in tracheal stenosis. The authors feel that this is important information that should be taken into consideration when a clinician is deciding between surgical or percutaneous tracheostomy.
